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(54) SEMICONDUCTOR LIGHT-EMITTING ELEMENT 

(57)Abstract: 

PURPOSE: To obtain high quality crystals with minimum 
defects by epitaxially growing, on a substrate, crystals 
having lattice conformity with a substrate. 
CONSTITUTION: A semiconductor light-emitting 
element consists of a 5|j.m thick N-type InGaN layer 7 . , r ... 
grown on an MgO substrate 6 and having lattice 
conformity with the substrate, a O.S^im thick light- 
emitting layer 8 of InGaN doped with Zn to increase a 
resistance and having lattice conformity with the 
substrate, an electrode 9 on the light-emitting layer and 
an ohmic electrode 1 0 on the N— type layer 7. When a - 
positive voltage is applied to the electrode 9 and a 
negative voltage is applied to the electrode 10, the light- 
emitting layer 8 emits light at a wavelength of 570nm. An 
extremely high external quantum efficiency of 0.45% can 
be obtained. It can be considered that this is because 
when crystals having a lattice constant matched with 
that of the substrate are grown on the substrate those 
crystals have higher crystallinity. Further, if the InGaN 

layer used in the element of the present invention is doped with aluminum under condition such 
that it has. lattice conformity with the substrate, the element is enabled to emit light up to a 
ultraviolet region of about 413nm. 
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SPECIFICATION 

1. Title of the Invention 

LIGHT-EMITTING SEMICONDUCTOR 'DEVICE 

2. What is claimed is: 

A light-emitting semiconductor device comprising: 
a single crystal substrate; and 

a thin film grown on said single crystal substrate and having 
a composition different from that of said single crystal 
substrate, 

wherein said single crystal substrate has a crystal structure 
made of a solid solution of a plurality of elements, and said 
thin film includes at least one layer of an In x GayAl z N (x + y 
+ z = 1 and 0 ^ x, y, z ^ 1) thin film grown by being 
lattice-matched onto said single crystal substrate. 

3. Detailed Description of the Invention 
[Field of the Invention] 

The present invention relates to a compound light- 
emitting semiconductor device. More specifically, the present 
invention relates to a light-emitting semiconductor device 
emitting a light in the range of red color in a visible light 
region to ultraviolet light. 
[Prior Art] 

There is a prior art light-emitting semiconductor device 
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of a visible-light shortwave region using GaN. Fig. 12 shows 
its basic structure. The structure is of an MIS type. In the 
drawing, the numeral 1 denotes sapphire of a substrate. The 
light-emitting semiconductor device has thereon an 
epitaxial-grown n-type GaN layer 2 and a Zn-doped high- 
resistance GaN layer 3, and emits a light in the high resistance 
layer upon charge of a carrier from electrodes 4 and 5. 
[Problems to be Solved by the Invention] 

To enhance the light emission intensity in the device, 
the charged electric current must be increased without 
producing heat. For this reason, the device resistance between 
the electrodes 4 and 5 must be lowered and the high resistance 
layer must be thinned. However, the high resistance layer is 
thinned, the volume of the light emission layer is reduced, and 
this cause the electric current to leake without contributing 
to light emission. As a result, the reactive current is 
increased to reduce the light emission efficiency. As stated 
by Ohki et al. in GaAs and Related Compounds International 
Conference in 1981, the device of this structure can only obtain 
an external quantum efficiency up to 0.12% and the light 
emission intensity cannot be increased sufficiently. 

All light-emitting devices using GaN which have been 
manufactured so far are of an MIS type which principally has 
a low light emission efficiency. The ratio of a difference in 
crystal lattice constant between sapphire and GaN and the GaN 
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lattice constant is large which is about 14%. Instead of this 
fact, GaN is always grown on sapphire only because sapphire and 
GaN have a similar crystal structure. As a result, only 
high-resistance GaN in which Zn is added to the p-type or n-type 
layer can be obtained. 

The largest reason is considered to be due to the above- 
mentioned large lattice misfit. When there is lattice misfit, 
unsaturated bond is inevitably caused. The unsaturated bond 
itself forms a donor level or attracts the donor impurity. 
Consequently, GaN is thought to be of an n-type. The nitrogen 
vapor pressure of GaN is much higher than the Group V vapor 
pressure of Group HI - V of GaAs and InP supplied for commercial 
use. In the lattice misfit state, it is thought that a nitrogen 
vacancy is easily caused. The nitrogen vacancy is assumed to 
form the donor level. Although this point has not been proved 
scientifically yet, the possibility is generally thought to be 
very high. From the above description, light-emitting devices 
made of an epitaxial growth film of GaN or a compound crystal 
of GaN and other elements, which have been manufactured so far, 
have large lattice misfit of the substrate and the epitaxial 
film. The conductivity cannot be controlled and a light- 
emitting device having a high light emission efficiency cannot 
be formed. 

(1) Y. Ohki, Y. Toyoda, H. Kobayashi and I. Akasaki; 
Int.Stmp. GaAs and Related Compounds Japan (1981) pp. 479. 
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The present invention has been proposed for improving the 
above-mentioned drawbacks and an object of the present 
invention is to provide a light-emitting device in which a large 
electric current can be charged, and a material composition of 
a light emission layer having a high light emission efficiency 
is selected to emit a light in a wide wavelength region in the 
range of a visible region to an ultraviolet region. 
[Means for Solving the Problems] 

To achieve the above-mentioned object, according to the 
present invention, a light-emitting semiconductor device has: 
a single crystal substrate; and a thin film grown on the single 
crystal substrate and having a composition different from that 
of the single crystal substrate, wherein the single crystal 
substrate has a crystal structure made of a solid solution of 
a plurality of elements, and the thin film includes at least 
one layer of an In x GayAl z N (x + y + z = 1 and 0 ^ x, y, z ^ 1) 
thin film grown by being lattice- matched onto the single 
crystal substrate . 

The crystal structures of Group HI element (Ga, Al, In) 
nitrides are all of a wurtzite type. Its band structure is of 
a direct transition type. Fig. 13 shows the relation between 
the lattice constant and the bandgap energy on (001) face. The 
bowing parameters between InN - GaN and InN - A1N are based on 
references (2) and (3) . As apparent from the drawing, a binary, 
ternary or quarternary compound crystal made of InN, GaN and 
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AlN is used so as to form a multi-layer structure of a material 
having a different bandgap energy lattice-matched onto the 
substrate. 

Two different points between the present invention and 
the prior art are as follows. 

First, while the lattice constants of the substrate and 
the crystal grown on the substrate are matched in the present 
invention, the prior art exhibits lattice misfit. Due to the 
lattice misfit, in the prior art crystal, many defects such as 
dislocation are caused therein so that conduction type control 
cannot be made or the life of the charged carrier is shorter 
than the time for the light emission recombination. Only 
light-emitting devices of an MIS type having a very low light 
emission efficiency have been produced. The substrate 
satisfying the lattice matching conditions of the present 
invention is selected to grow a crystal not including crystal 
defects present in the prior art crystal. The conduction control 
can be made and the life of the charged carrier is long. The 
lattice matching is an essential condition to obtain a 
good-quality crystal for epitaxial growth. 

Second, while a hetero junction can be formed in the 
present invention, it cannot be formed in the prior art. Using 
the hetero junction, the light emission efficiency of the device 
light-emitted by electric current charge can be increased 
dramatically. The hetero junction is essential to enhance the 
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light emission efficiency of the light-emitting device. 

(2) K. Osamura et al.; J. Appl. Phys . , 46 (1975) 3432. 

(3) Y. Koide et al.; J. Appl Phys . , 61 (1987) 4540. 
There will be described below cases of the atom 

correspondence of a single crystal substrate having a crystal 
structure made of a solid solution of a plurality of elements 
with a thin film grown by being lattice-matched onto the 
substrate according to the present invention. 
Case ( I ) 

(a) A light-emitting semiconductor device having a single 
crystal substrate having a hexagonal close-packed structure 
made of a single element of Lu, Li, Mg, Sc, Tl and Tm and a solid 
solution thereof, or a solid solution of other elements such 
as Zr and Hf ; one In x GayAl 2 N layer (x + y + z = 1 and 0 ^ x, 
y, z^S 1) (hereinafter, referred to as InGaAIN) having a p-type 
or an n-type conduction type grown by being lattice-matched onto 
the substrate and being of electrically semi-insulation, or a 
plurality of layers in which a composition of x, y and z is the 
same or different; a passivation film or other insulator layers; 
and electrode layers. 

(b) A light-emitting semiconductor device having a single 
crystal substrate having a wurtzite structure made of a binary 
compound crystal of Al 2 Co, A1N, GaN and InN and a solid solution 
thereof, or a solid solution of a single element and other 
compound crystals such as ZnO; and an InGaAIN layer 
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lattice-matched onto the substrate. 

(c) A light-emitting semiconductor device having a single 
crystal substrate having an NiAs structure made of a binary 
compound crystal of CoS, CrS, FeS, FeS x , FeSe x/ NbS, NiS, P1B, 
RhB ltl/ TiS a , VP and VS and a solid solution thereof, or a solid 
solution of a single element and other compound crystals; and 
an InGaAIN layer lattice-matched onto the substrate. 

(d) A light-emitting semiconductor device having a single 
crystal substrate having a hexagonal Cd(OH) 2 structure made of 
a binary compound crystal of PtS 2 , a-TaS 2 , y -TaS 2 and TiS 2 and 
a solid solution thereof and a solid solution of a single element 
and other compound crystals; and an InGaAIN layer lattice- 
matched onto the substrate. 

(e) A light-emitting semiconductor device having a single 
crystal substrate having a hexagonal system Perovskite 
structure made of BaTiS 2 and SrTiS 2 and a solid solution thereof, 
or a solid solution of a single element and other compound 
crystals; and an InGaAIN layer lattice-matched onto the 
substrate . 

Fig. 1 shows the arrangement of the atoms of the substrate 
and the InGaAIN grown on the substrate viewed from (001) face 
in Case ( I ) . In the drawing, # indicates the atom of the 
substrate and O indicates the atom of the InGaAIN. The lattice 
constants in a axis direction of the substrate and InGaAIN are 
a, a 0 and those in c axis direction are c, c 0 . The signs of the 
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atoms and the signs of the lattice constants are the same in 
the description below. As shown in the drawing, in the case of 
a combination of the substrate and InGaAlN for (a) to (e) of 
Case ( I ) , the atoms correspond with each other in a one-to-one 
relationship. The relation between the lattice constants is 
a = a 0 
Case ( H ) 

(a) A light-emitting semiconductor device having a single 
crystal substrate having a face-centered cubic structure made 
of s single element of Am, Li, Pb, Pu and Se and a solid solution 
thereof, or a solid solution of other elements; and an InGaAlN 
layer lattice-matched onto the substrate. 

(b) A light-emitting semiconductor device having a single 
crystal substrate having a cubic fluorite structure made of a 
binary or ternary compound crystal of Be r B, LiMgN, LiZnN, Li 2 0, 
NbH 2 and ScH 2 and a solid solution thereof, or a solid solution 
of a single element and other compound crystals; and an InGaAlN 
layer lattice-matched onto the substrate. 

(c) A light-emitting semiconductor device having a single 
crystal substrate having a Perovskite structure made of BaTh0 3 , 
BaU0 3 , CsCaF 2 , CsI0 3 , CsPbF 3 , RbCa0 3 , and RbI0 2 and a solid 
solution thereof, or a solid solution of a single element and 
other compound crystals; and an InGaAlN layer lattice-matched 
onto the substrate. 

Fig. 2 shows the arrangement of the atoms of the substrate 
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and the InGaAIN grown on the substrate viewed from (001) face 
in Case (II). The relation between the lattice constants is 

Case (IE) 

(a) A light-emitting semiconductor device having a single 
crystal substrate having a face-centered cubic structure made 
of a single element of Ag, Al, Au, Mo, Pd and Pt and an alloy 
thereof, or an alloy of other elements; and an InGaAIN layer 
lattice-matched onto the. substrate. 

(b) A light-emitting semiconductor device having a single 
crystal substrate having a Perovskite structure made of AgZnF 3 , 
BaFe0 3 , BaMn0 3/ BaPb0 3 , BaSn0 3 , BaTi0 3 , BaZr0 3/ CaSn0 3/ CaTi0 3 , 
CaZr0 3 , CeCr0 3 , CeFe0 3 , CaGa0 3/ CeV0 3/ EuFe0 3/ EuTi0 3/ FeBi0 3/ 
GdFe0 3/ GdMn0 3 , KCdF 3 , KCoF 3 , KFeF 3 , KMg F 3 , KMnF 3 , KNb0 3/ KNiF 3 , 
KTa0 3 , KZnF 3 , LaCo0 3 , LaCr0 3/ LaFe0 3/ LaGa0 3 , LaRh0 3 , LaTi0 3/ LaV0 3 , 
LiBaF 3 , NdCr0 3 , NdFe0 3 , NdGa0 3 , NdV0 3 , a-PbTi0 3 , PrCr0 3 , PrFe0 3 , 
PrGa0 3 , PrMn0 3/ PrV0 3/ PuMn0 3 , RbCoF 3/ PbMnF 3 , SmCr0 3 , SmFe0 3 , 
SmV0 3/ SrFe0 3 , SrHf0 3 , SrMo0 3 , SrSn0 3/ SrTi0 3 , SrZr0 3/ TaSn0 3 , 
TlCoF 3 and a solid solution thereof, or a solid solution of a 
single element and other compound crystals; and an InGaAIN layer 
lattice-matched onto the substrate. 

Fig. 3 shows the arrangement of the atoms of the substrate 
and the InGaAIN grown on the substrate viewed from (001) face 
in Case (HI). The relation between the lattice constants is 
a = (3/2) 1/2 a 0 
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Case (IV) 

(a) A light-emitting semiconductor device having a single 
crystal substrate having a body-centered cubic structure made 
of a single element of Th and Tl and a solid solution thereof, 
or a solid solution of other elements; and an InGaAIN layer 
lattice-matched onto the substrate. 

(b) A light-emitting semiconductor device having a single 
crystal substrate having an NaCl type structure made of a binary 
compound crystal of CoO, CrN, FeO, LiO, LiF, Li 6 F, Li 7 F, LiH, 
MgO, NbO, PdH b , TiC, TiN, TiO c , . VC, VC 0 . 75 , VN and V0 C and a solid 
solution thereof, or a solid solution of a single element and 
other compound crystals; and an InGaAIN layer lattice-matched 
onto the substrate. 

(c) A light-emitting semiconductor device having a single 
crystal substrate having an CsCl type structure .made of .a binary 
compound crystal of CsBr, CsCN, CsNH 3 , CsSH, ThTe, TIBr, TiCl, 
TiCN, TiN, CaTl, CdCe, CdLa, CdPr, MgCe, MgLa, MgPr, MgSr, SrTl, 
TIBi, TISb and a solid solution thereof, or a solid solution 
of a single element and other compound crystals; and an InGaAIN 
layer lattice-matched onto the substrate. 

Fig. 4 shows the arrangement of the atoms of the substrate 
and the InGaAIN grown on the substrate viewed from (001) face 
in Case (IV) . The relation between the lattice constants is 
a - (3/2) 1/2 a 0 
Case (V) 
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(a) A light-emitting semiconductor device having a single 
crystal substrate having a body-centered cubic structure made 
of a single element of Eu and Sr and an alloy thereof, or a solid 
solution of other elements; and an InGaAlN layer lattice- 
matched onto the substrate. 

(b) A light-emitting semiconductor device having a single 
crystal substrate having an NaCl type structure made of a binary 
compound crystal of AgF, CaNH, CeN, DyN, ErN, HoN, LuN, NaF, 
NaH, NbC, NbC 0>7 , NbN 0 . 92 , NpN, NpO, PaO, PuB, PuC, PuN, PuO, ScN, 
SmO, TaC, TaO, TbN, TmN, UC, UN, UO, YN, YbN, YbO, ZrB, ZrC, 
ZrN and ZrO and a solid solution thereof, or a solid solution 
of a single element and other compound crystals such as CaO, 
CdO and MnO; and an InGaAlN layer lattice-matched onto the 
substrate. 

(c) A light-emitting semiconductor device having a single 
crystal substrate having an CsCl type structure made of a binary 
compound crystal of Csl and CsSeH and a solid solution thereof, 
or a solid solution of a single element and other compound 
crystals; and an InGaAlN layer lattice-matched onto the 
substrate . 

(d) A light-emitting semiconductor device having a single 
crystal substrate having a zinc blende structure made of a 
binary compound crystal of BAs, Bp and Bes and a solid solution 
thereof, or a solid solution of a single element and other 
compound crystals; and an InGaAlN layer lattice-matched onto 
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the substrate. 

Fig. 5 shows the arrangement of the atoms of the substrate 
and the InGaAIN grown on the substrate viewed from (001) face 
in Case (V). The relation between the lattice constants is 
a = 2 1/2 a 0 
Case (VI) 

A light-emitting semiconductor device having a single 
crystal substrate having a cubic spinel structure made of Al 2 Cd0 4 , 
Al 2 Co0 4 , Al 2 Cu0 4 , AlFeNi0 4 , Al 2 Fe0 4 , Al 2 Mg0 4 , Al 2 Mn0 4 , Al 2 Ni0 4 , 
Al 2 Sn0 4 , Al 2 Zn0 4 , Co 2 Cu0 4 , Co 2 Ge0 4 , Co 2 Mg0 4 , Co-,Sb 2 0 12 , Co 2 Sn0 4 , 
Co 2 Ti0 4 , Co 2 Zn0 4 , Co 2 0 4 , (Co, Ni) 2 0 4 , Cr 2 Cd0 4 , Cr 2 Fe0 4 , Cr 2 (Fe, Mg)0 4 , 
Cr 2 Mn0 4 , Cr 2 Ni0 4 , Cr 2 Zn0 4 , FeCrMn0 4 , FeMn (Zn 0 . 5 Ge 0 5 ) 0 4 , Fe 2 Co0 4 , 
Fe 2 Cu0 4 , Fe 2 Ge0 4 , Fe 2 Mg0 4 , Fe 2 Mg0 4 , Fe 2 (Mg, Mn, Fe)0 4 , Fe 2 Mn0 4 , 
Fe 2 Mo0 4 , Fe 2 Ni0 4 , Fe 2 Ti0 4 , Fe 2 Zn0 4/ Fe 2 0 4 a , Ga 2 Cd0 4 , Ga 2 Co0 4 , Ga 2 Cu0 4/ 
Ga 2 Mg0 4 , Ga 2 Ni0 4 , Ga 2 Zn0 4/ In 2 Mg0 4 , LiAlTi0 4 , LiCoSb0 4 , LiCoV0 4 , 
LiCrGe0 4 , LiCrMn0 4 , LiCrTi0 4 , LiFeTi0 4 , LiGaTi0 4 , LiGeRh0 4 , 
LiMnTi0 4 , LiNiV0 4 , Li 2 NiF 4 , LiRhMn0 4 , LiTiRh0 4 , LiVTi0 4 , LiZnSb0 4 , 
Mg 2 Ge0 4 , Mg 2 Sn0 4 , Mg 2 Ti0 4 , Mg 2 V0 4 , Mn 2 Cu0 4 , Mn 2 Li0 4 , Mn 2 Ni0 4 , Mn 2 Ti0 4 , 
Ni 2 Ge0 4 , Ni 2 Si0 4 , Rh 2 Co0 4 , Rh 2 Cu0 4 , Rh 2 Mg0 4 , Rh 2 Mn0 4 , Rh 2 Zn0 4 , 
Ti 2 Mg0 4 , Ti 2 Mn0 4 , V 2 Fe0 4 , V 2 Li0 4 , V 2 Mg0 4 , V 2 Mn0 4 , V 2 Zn0 4 , 
ZnMn (Mg 0 5 Ti 0 5 )O 4 , Zn 2 Sb 2 0 12 , Zn 2 Ti0 4/ LiAl 2 0 2 , CuFe 2 0 2 and LiGa 5 0 5 
and a solid solution thereof, or a solid solution of a single 
element and other compound crystals; and an InGaAIN layer 
lattice-matched onto the substrate. 

Fig. 6 shows the arrangement of the atoms of the substrate 


12 


and the InGaAIN grown on the substrate viewed from (001) face 
in Case (VI) . The relation between the lattice constants is 
a - 6 1/2 a 0 

There will be described embodiments of a light-emitting 
semiconductor device having a thin film grown lattice-matched 
onto a single crystal substrate having a crystal structure made 
of a solid solution of a plurality of elements. The embodiments 
are one way of indicating examples. Needless to say, various 
modifications or improvements can be made in a scope without 
deviating from the sprit of the present invention. 
[ Embodiment 1 ] 

Fig. 7 is a diagram of assistance in explaining a first 
embodiment of the present invention and shows the cross-section 
of a light-emitting device. The light-emitting device has an 
n-type InGaN layer 7 lattice-matched onto a substrate having 
a film thickness of 5 ji m grown on an MgO substrate 6, an InGaN 
light emission layer 8 lattice-matched onto a Zn-doped 
high-resistance substrate having a film thickness of 0.5^m f 
an electrode 9 of the light emission layer, and an ohmic 
electrode 10 of the n-type layer 7. When a positive voltage is 
applied to the electrode 9 and a negative voltage is applied 
to the electrode 10, the light emission layer 8 emits a light 
at a wavelength of 570 nm. Its external quantum efficiency is 
0.45% which is much higher than that of the device shown in Fig. 
12. The light emission efficiency is high in this manner, 
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because it is thought that the crystallinity of the grown 
crystal is enhanced by the matching of the lattice constants 
of the substrate and the crystal grown thereon. When aluminum 
is added to the InGaN layer used in the device provided that 
it is lattice-matched onto the substrate, the device can emit 
a light to the ultraviolet region of about 413nm. 
[Embodiment 2] 

Fig. 8 is a diagram of assistance in explaining a second 
embodiment of the present invention and shows the cross-section 
of a light-emitting diode. The basic structure of the device 
is of a double hetero structure and has an Al 2 Mg0 4 substrate 
11, an Sn-doped n-type InGaAIN clad layer 12 having a film 
thickness of 5/xm, a undoped InGaN active layer 13 having a film 
thickness of O.Sjum, a Zn-doped p-type InGaAIN clad layer 14 
having a film thickness of 2/im, an ohmic electrode 15 of the 
n-type clad layer, and an ohmic electrode 16 of the p-type clad 
layer 14 . 

All the InGaN and InGaAIN layers shown here are 
semiconductor crystal layers epitaxial-grown by being 
lattice-matched onto the substrate. The composition of the 
InGaAIN clad layer is selected from Fig. 13 so that the bandgap 
energy difference between the clad layer and the active layer 
is 0.3 eV. Negative and positive voltages are applied to the 
electrodes 15 and 16 respectively, to charge electrons and holes 
to the light emission layer from the electrodes 15 and 16. As 
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a result, blue light emission at a wavelength of 4 50 nm can be 
observed. The maximum light output is 13 mW and the external 
differential light emission efficiency is 3%. 
[Embodiment 3 ] 

Fig. 9 is a diagram of assistance in explaining a third 
embodiment of the present invention and shows the cross-section 
of a device. The device is laser. Its basic structure is a buried 
laser having a double hetero structure and has an Al 2 Mg0 4 
substrate 17, an Sn-doped n-type InGaAIN clad layer 18 having 
a film thickness of 5/zm, an undoped InGaN active layer 19 having 
a film thickness of 0.1/zm, a Zn-doped p-type InGaAIN clad layer 
20 having a film thickness of 2/zm, a Zn-doped p-type InGaAIN 
buried layer 21, an Sn-doped n-type InGaAIN buried layer 22, 
an ohmic electrode 23 of the p-type clad layer, and an ohmic 
electrode 24 of the n-type clad layer. 

All the InGaN and InGaAIN layers shown here are 
semiconductor crystal layers epitaxial-grown by being 
lattice-matched onto the substrate. The composition of the 
InGaAIN clad layer is selected from Fig. 13 so that the bandgap 
energy difference between the clad layer, the buried layer and 
the active layer is 0.3 eV. The resonant wavelength is 300 
lira and the active layer width is 0.8//m. To increase the COD 
(Catastoraphic Optical Damage) level which is generally a 
problem in the short wavelength oscillation device, the 
electrode 23 is formed in the inner side at a distance of 10 
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/zm from both end surfaces. To make the heat conductivity good, 
the substrate is thinned to be 60 /zm and is then mounted on a 
diamond heet sink. Positive and negative voltages are applied 
to the electrodes 23 and 24, respectively. As in the buried laser 
typically using an InP or GaAs system, a reverse bias is applied 
to the pn junction of the buried layers 21 and 22. An electric 
current is not flowed to the buried layers, but only to the active 
layer. Since the active layer has a refractive index higher than 
that of the buried layers and the clad layer, a light produced 
in the active layer is confined in the active layer. The electric 
current can be narrowed to the active layer and the light can 
be confined in the active layer. As a result, operation having 
a high external differential quantum efficiency is possible 
with a low threshold electric current. 

The CW characteristic at room temperature is shown. Fig. 
10 shows the relation between a light output and a charged 
electric current in which the horizontal axis indicates the 
charged electric current and the vertical axis indicates the 
light output. Fig. 11 shows an oscillation spectrum in which 
the horizontal axis indicates a wavelength and the vertical 
wavelength indicates an intensity in a given unit. The 
oscillation threshold charged electric current is 48 mA, the 
oscillation wavelength is 452 nm, and the external differential 
quantum efficiency per end surface is 27%. In addition, the 
maximum light output per end surface is 13 mW and the horizontal 
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mode is single. 

Here, InGaAIN is selected as the active layer. When 
InGaAlN of a composition lattice-matched onto the substrate is 
selected, a laser of an oscillation "wavelength different from 
that of InGaN as the active layer can be manufactured in the 
same manner. To reduce the ohmic resistance of the p-type 
electrode, a p-type layer of an InGaAIN layer having a narrow 
bandgap which is of low resistance easily may be inserted as 
a cap layer between the p-type clad layer and the electrode. 

In addition to the device structure described above, 
needless to say, the basic principle of the present invention 
so that the lattice constants of the substrate and the crystal 
grown thereon are matched with each other in the case of other 
device structure, is very effective. 
[Effect of the Invention] 

As described above, according to the present invention, 
the crystal lattice-matched onto the substrate is 
epitaxial-grown on the substrate to obtain a good-quality 
crystal with very few defects. As a result, the conduction type 
control is possible and light emission by electric current 
charge is permitted, as shown in Embodiments 2 and 3. Generally, 
it is said that light emission by electric current charge is 
extraordinarily stronger than that by an MIS type structure. 
In the embodiments of the present invention, light emission much 
stronger than the prior art MIS type device can be obtained. 
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The visual sensitivity is low in the visible shortwave region 
such as blue light emission. When the device of the wavelength 
region is used for a display unit, a la : ser_ having a light emission 
intensity higher than that of a light-emitting diode is 
desirable. According to the present invention, as shown in the 
embodiments, a laser can be also produced. 

4. Brief Description of the Drawings 

Figs. 1 to 6 shows on (001) face the atom correspondence 
of a substrate and binary, ternary and quarternary compound 
crystal of Group HI element (Al, Ga, In) nitrides grown thereon 
according to the present invention; 

Figs. 7 and 8 show an outline of the structures of 
Embodiments 1 and 2 of the present invention; 

Fig. 9 shows an outline of the cross-sectional structure 
vertical in a laser resonator direction in Embodiment 3 of the 
present invention; 

Fig. 10 shows the relation between the light output and 
the charged electric current from the single side at the room 
temperature CW operation in Embodiment 3 of the present 
invention; 

Fig. 11 shows an oscillation spectrum at the room 
temperature CW operation in Embodiment 3 of the present 
invention; 

Fig. 12 shows an outline of the structure of a prior art 
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light-emitting device; and 

Fig. 13 shows the relation between the lattice constant 
and the bandgap energy on (001) face : of .a Group IH element (Al, 
Ga, In) nitride. 

1 Sapphire substrate 

2 n-type GaN layer 

3 Zn-doped high-resistance GaN layer 
4, 5 Gold electrode 

6 MgO substrate 

7 n-type InGaN layer 

8 Zn-doped high-resistance InGaN light emission layer 

9 n-type ohmic electrode 

10 Gold electrode 

11 Al 2 Mg0 4 substrate 

12 Sn-doped InGaAIN clad layer 

13 Undoped InGaN light emission layer 

14 Zn-doped InGaAIN clad layer 

15 p-type ohmic electrode 

16 n-type ohmic electrode 

17 Al 2 Mg0 4 substrate 

18 Sn-doped InGaAIN clad layer 

19 Undoped InGaN light emission layer 

20 Zn-doped InGaAIN clad layer 

21 Zn-doped InGaAIN clad layer 

22 Sn-doped InGaAIN clad layer 
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23 p-type ohmic electrode 

24 n-type ohmic electrode 
Fig. 1 

O InGaAIN ATOM 
• SUBSTRATE ATOM 
Fig. 7 

6 MgO SUBSTRATE 

7 n-TYPE InGaN LAYER 

8 Zn-DOPED HIGH-RESISTANCE InGaN LIGHT EMISSION LAYER 

9 ELECTRODE 

10 ELECTRODE 
Fig. 8 

11 Al 2 Mg0 4 SUBSTRATE 

12 Sn-DOPED InGaAIN CLAD LAYER 

13 UNDOPED InGa LIGHT EMISSION LAYER 

14 Zn-DOPED InGaAIN CLAD LAYER 

15 ELECTRODE 

16 ELECTRODE 
Fig. 9 

17 Al 2 Mg0 4 SUBSTRATE 

18 Sn-DOPED InGaAIN CLAD LAYER 

19 UNDOPED InGaN LIGHT EMISSION LAYER 
20, 21 Zn-DOPED InGaAIN CLAD LAYER 

22 Sn-DOPED InGaAIN CLAD LAYER 
23, 24 ELECTRODE 
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Fig. 10 

LIGHT OUTPUT (mW) 

CHARGED ELECTRIC CURRENT (mA) 

Fig. 11 

INTENSITY (IN GIVEN UNIT) 
WAVELENGTH (ran) 
Fig. 13 

LATTICE CONSTANT 
BANDGAP ENERGY (eV) 


21 


P. 473 

(1) The scope of claims is corrected as described in a 
separate sheet, 

(2) "To achieve the above-mentioned object, on the 
last line in Page 4 to the 9th line in Page 5 of the specification 
is corrected as follows: 

"To achieve the above-mentioned object, according to the 
present invention, a light-emitting semiconductor device has: 
a single crystal substrate; and a thin film grown on the single 
crystal substrate and having a composition different from that 
of the single crystal substrate, wherein the single crystal 
substrate has a crystal structure made of a single element or 
a solid solution of a plurality of elements, and the thin film 
includes at least one layer of an In x GayAl z N (x + y + z = 1 and 
0 ^ x, y, z ^ 1) thin film grown by being lattice-matched onto 
the single crystal substrate." 

(3) The term "a binary compound crystal" on the 3rd line 
in Page 8 thereof is corrected to "a compound crystal". 

(4) The term "Pu and Se" on the 19th line in Page 9 thereof 
is corrected to "Pu and Sc". 

(5) The term "a binary compound crystal" on the 5th line 
in Page 14 thereof is corrected to "a compound crystal". 

(6) The term "Catastoraphic" on the 9th line in Page 19 
thereof is corrected to "Catastrophic". 

(7) The term "heet sink" on the 12th and 13th lines in 
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Page 19 thereof is corrected to "heat sink". 

What is claimed is: 

A light-emitting semiconductor device comprising: 
a single crystal substrate; and 

a thin film grown on said single crystal substrate and having 
a composition different from that of said single crystal 
substrate, 

wherein said single crystal substrate has a crystal structure 
made of a single element or a solid solution of a plurality of 
elements, and said thin film includes at least one layer of an 
In x GayAl 2 N (x + y + z - 1 and 0 ^ x, y, z ^ 1) thin film grown 
by being lattice- matched onto said single crystal substrate. 
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